The purpose of this study, was to evaluate the feasibility of several rehabilitation strategies for Portland Cement Concrete 17.
maintenance or a rehabilitation activity for a specific pavement section, the engineer must deal with the existing pavement while preparing an effective design which could optimize the benefits for both the owner agency and the road users.
Taking into consideration the existing pavement is not an easy task. Most pavements that are selected for rehabilitation would be experiencing a combination of distresses with various severity levels. In order for the design engineer to prepare a good design, he must identify the sources of these distresses and couple them with the appropriate repair strategy. Considering the above identified benefits and problems areas, CIR has been primarily used on medium to low traffic volume highways as a base course.
OBJECTIVES
The objectives of this research project were to develop and validate a mix design procedure for CIR mixtures in Nevada. CIR was selected due to its potential for cost savings and longer performing pavements. The objectives of the research were met through the conduct of two major tasks:
$ Develop and implement a mix design procedure.
$ Implement a field evaluation plan.
The mix design procedure would be used to determine the optimum combination of mix components, including; binder, lime, and moisture. The field evaluation plan would be used to assess the construction of the designed mixture and to refine the mix design process.
MIX DESIGN PROCEDURE
Designing CIR mixtures presents additional requirements which include the evaluation of the in-place materials and the identification of the optimum moisture content. develop a mix design based on the Hveem process. Therefore, the Hveem mix design procedure was used with three supplements. The mixing and compaction of the CIR mixtures follow the exact Hveem procedure. Also the measurement of the bulk specific gravity of the compacted mix and the theoretical maximum specific gravity of the loose mixtures follow the appropriate AASHTO test procedures. Finally, the resilient modulus property of the CIR mixtures is used in place of the Hveem stability. Prior to presenting the supplemental steps, it would be beneficial to present the objectives of a CIR mix design procedure.
The objective of a CIR mix design procedure is to accomplish the following goals:
1. Reduce the brittleness of the aged existing mixtures: it is anticipated that any pavement section selected for CIR treatment has an existing HMA layer which has been either cracked, rutted, moisture damaged or any combination thereof. In addition, it is expected that the HMA mixture has experienced a certain degree of aging due to exposure to various environmental conditions. The aging process results in a brittle pavement which must be made more flexible during the mix design process to avoid future problems with reflective cracking or rutting of the new surface layer. Therefore, the mix design process should identify a new binder which can provide the CIR mixtures with sufficient stability to resist traffic loads and yet maintain enough flexibility to eliminate the reflective cracking problem.
2.
Control the compactibility of the CIR mixtures: CIR mixtures consist of pieces of an aged HMA mixture with various sizes and a certain percentage of an asphalt binder. It is almost impossible to control the gradation of such mixture which presents a problem in the field compaction process. Therefore, the mix design process will to select a binder content which can result in a compactible CIR mixture producing ideal in-place air voids between 8 and 10 percent.
3. Provide a mixture with enough stability for early traffic: since CIR mixture use liquid asphalt and emulsions, the required curing time becomes a concern. Long curing times would create traffic delays and defeat the purpose of asphalt maintenance. It is very desirable to design a CIR mixture which can be open to traffic shortly after construction without rutting and raveling of the constructed layer. Therefore, it is highly critical that the design process evaluates the early stability of the designed CIR mixture.
4. Improve the moisture sensitivity of mixtures: as mentioned earlier, any HMA mixture selected for CIR is expected to have experienced moisture damage and/or aging. The combination of these two conditions result in a CIR mixture that is highly susceptible to moisture damage.
Therefore, the mix design process should evaluate the moisture sensitivity of the designed CIR mixure. In order to achieve the identified goals, the Hveem mix design procedure was supplemented and modified with several steps which are discussed in the following sections.
Supplemental Steps
The Select the optimum binder content as the one that provides good level of early stability and good resistance to moisture damage. A good level of early stability is defined as a Mr value above 150 ksi and a good resistance to moisture damage is defined as a retained strength ratio above 70%. It should also be noted that most CIR mixtures will not achieve a 4% design air voids and any air voids level between 8 and 10% should be considered acceptable.
EXPERIMENTAL PROGRAM
The developed mix design strategy was implemented on three NDOT CIR projects which were constructed in 1997 
Evaluation of the In-Place Materials
The evaluation of the in-place materials includes measuring resilient modulus (Mr) and tensile strength (TS) on cores and measuring the properties of the extracted binder. A total of nine cores were obtained and used for the Mr, TS, and binder testing. Table 1 This evaluation concluded that the in-place materials are significantly aged and exhibit high variability along the length of the project.
Therefore, the mix design should include a well selected representative material and develops a mixture that is flexible to carry the traffic and environmental stresses.
Establish the Moisture-Density Curves
Cold-in-place recycling mixtures require a certain level of moisture content in order to achieve optimum compaction in the field. The optimum moisture content depends on the type of binder being used, the conditions of the in-place materials and whether lime is added to the recycled materials. In this project, lime was added to the CIR materials in a slurry form at a 1 percent rate. Therefore, it was decided to establish moisture-density curves for each of the binders that will be included in the mix design evaluation. Since the optimum binder content were not known at this stage, moisture density curves were established for three levels of binder contents of each binder type. The following presents a summary of the combinations of binder types and percentages and moisture contents used for this project: All percentages are expressed in terms of percent by dry weight of recycled asphalt pavement (RAP) materials. A total of eighteen moisturedensity curves were established for this project. Figure 1 shows typical moisture-density curves. All eighteen moisture density curves were inspected to identify the optimum moisture content for each combination of binder type and binder content. It was concluded that optimum moisture contents are 3.0 and 3.9 percent for the without lime and with lime mixtures, respectively. The selected optimum moisture contents will be used in the mix design process.
Selection of Optimum Binder Content
The mix design process followed a modified version of the Hveem mix design procedure as described in the previous sections. The objective of the mix design process is to select the most suitable binder type and the corresponding optimum binder content. As part of the mix design process, the Mr, Hveem stability, and TS properties were measured for the mixtures cured at all three stages (i.e. initial, final, and long term). Tables 3 and 4) .
! In addition to the physical strength data presented in Tables 2, 3 Hveem stability, and air voids properties of the sampled mixtures were measured at the initial, final, and long term curing stages. Table 5 summarizes the data for the three curing stages. The data indicate that the mixtures continue to gain strength as they are subjected to longer curing periods with the most significant gain in strength occurring between the initial and final curing stages. The gain in strength is a good indicator that the mixture will exhibit good resistance to early traffic.
Evaluate Field Cores
The first set of cores were obtained during August, 1997 when the project was 3 month old and the second set of cores were obtained during August, 1998 when the project was fifteen month old. Table 6 
Evaluation of the In-Place Materials
The evaluation of the in-place materials includes measuring resilient modulus (Mr) and tensile strength (TS) on cores and measuring the properties of the extracted binder. A total of fourteen cores were obtained and used for the Mr, TS, and binder testing. the Mr and TS properties of the cores. The objective of this evaluation is to assess the degree of aging and the variability of the in-place materials. The data in Table 7 show that the in-place materials have an average Mr of 335 ksi and an average TS of 154 psi which indicate that the in-place materials have not experienced severe aging. On the other hand, the variability of the Mr and TS properties is relatively high as measured by the coefficient of variation which indicates that the in-place materials are not uniform throughout the length of the project.
Tables 7 also summarizes the properties of the extracted binder. The testing includes both conventional and rheological binder properties.
Both the conventional and rheological properties indicate an average binder with relatively high variability along the project.
This evaluation concluded that the in-place materials are not significantly aged but exhibit high variability along the length of the project.
Therefore, the mix design should include a well selected representative material and should consider a binder that could maintain the properties of the existing materials.
Establish the Moisture-Density Curves
In this project, lime was added to the CIR materials in a slurry form at a 1.5 percent rate. Therefore, it was decided to establish moisturedensity curves for each of the binders that will be included in the mix design evaluation. Since the optimum binder content were not known at this stage, moisture density curves were established for three levels of binder contents of each binder type. The following presents a summary of the combinations of binder types and percentages and moisture contents used for this project: All percentages are expressed in terms of percent by dry weight of recycled asphalt pavement (RAP) materials. All moisture density curves were inspected to identify the optimum moisture content for each combination of binder type and binder content. It was concluded that optimum moisture contents are 2.0 and 3.9 percent for the without lime and with lime mixtures, respectively. The selected optimum moisture contents will be used in the mix design process.
Selection of Optimum Binder Content
The mix design process followed a modified version of the Hveem mix design procedure as described in the previous sections. The objectives of the mix design process were presented earlier. Tables ! In addition to the physical strength data presented in Tables 8, 9 and 10, laboratory experience indicates that the CMS-2S binder has a better coating ability than the other binders with this specific materials.
Based on the data analysis and observations presented above, the following mix design was recommended for this project: 
Evaluate Field Cores
The first set of cores were obtained during August, 1998 when the project was 15 month old strength, and air voids data measured on the cores.
Comparison of Mix Design and Field Mixtures
The objective of this comparison is to assess the effectiveness of the mix design process in simulating the conditions of the actual field mixtures.
The overall evaluation includes the following three studies: The first set of cores were obtained during July, 1998 when the project was 2 month old. Table 19 summarizes the resilient modulus, tensile strength, and air voids data measured on the cores. The data show that the CMS-2S with lime mixtures have the highest strength while the CMS-2S without lime mixtures have the lowest strength. The major concern here is that the evaluation of the field mixtures as presented in Table 17 did not identify the CMS-2S without lime as being an extremely weak mix. It should be also recognized that the there is always a difference between the laboratory and field compaction efforts which could have contributed in this case.
The overall evaluation includes the following three studies: In summary, the findings of this research project suggest that lime should be used with CIR mixtures in Nevada, a 4% moisture content should be used, and the properties of the CIR mixtures at the initial and final curing stages along with the moisture sensitivity properties should be used to select the optimum binder type and content.
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